This study examined whether self-efficacy mediated the relationship between pain catastrophizing and pain and disability. Participants were 192 individuals diagnosed with osteoarthritis (OA) of the knees who were overweight or obese. Multiple mediator analyses were conducted to simultaneously test self-efficacy for pain control, physical function, and emotional symptoms as mediators while controlling for demographic and medical status variables. Higher pain catastrophizing was associated with lower self-efficacy in all three domains (ps< .05). Self-efficacy for pain control fully mediated the relationship between pain catastrophizing and pain (β=.08, Sobel test Z=1.97, p<.05). The relationship between pain catastrophizing and physical disability was fully mediated by self-efficacy for physical function (β=.06, Sobel test Z=1.95, p=.05). Self-efficacy for emotional symptoms partially mediated the relationship between pain catastrophizing and psychological disability (β=. 12, Sobel test Z=2.92, p<.05). These results indicate that higher pain catastrophizing contributed to greater pain and disability via lower domain-specific self-efficacy. Efforts to reduce pain and improve functioning in OA patients should consider addressing pain catastrophizing and domain specific selfefficacy. Pain catastrophizing may be addressed through cognitive therapy techniques and selfefficacy may be enhanced through practice of relevant skills and personal accomplishments.
psychological predictors of pain and disability. 13, 20, 21, 22, 41, 42 Pain catastrophizing is defined as the tendency to focus on and magnify pain sensations, and to feel helpless in the face of pain. 42 Prospective studies indicate that pain catastrophizing is associated with increased pain, psychological disability, and activity intolerance. 12, 17, 32, 40, 43 In recent intervention studies, reductions in pain catastrophizing have been linked with improvements in pain, physical functioning, and psychological adjustment. 31,46,51 These findings underscore the importance of understanding how pain catastrophizing exerts its influence on patient outcomes.
Self-efficacy has also been recognized as an important variable in understanding how individuals adjust to chronic pain. 10,26,27,52 Self-efficacy refers to the belief that one has the ability to successfully perform a specific behavior to achieve a particular outcome. 3 Higher self-efficacy is associated with less pain and disability in chronic pain patients 10,11,36 and strategies to enhance self-efficacy have been shown to reduce disability in arthritis patients. 28 We recently examined the contribution of arthritis self-efficacy to pain and disability in a sample of overweight and obese [body mass index (BMI) 25 to 42] patients with osteoarthritis (OA) of the knees. 33 Analyses revealed that the contribution of self-efficacy was domainspecific; negative relationships were found between self-efficacy for pain control and pain, between self-efficacy for physical function and physical disability, and between self-efficacy for managing emotional symptoms and psychological disability.
Using data from this sample, 33 the current study builds on our previous findings to examine the relationships between pain catastrophizing, arthritis self-efficacy, pain, and disability. Pain catastrophizing and self-efficacy may be especially relevant for understanding the processes that lead to disability in patients with OA of the knees who are overweight or obese. These individuals are likely to experience increased pain with movement. 14 To avoid pain, patients may reduce physical activity, which could lead to further weight gain, greater disability, and increased pain. 9 Understanding the role of pain catastrophizing and self-efficacy in initiating and maintaining this cycle is important for treatment efforts designed to reduce pain and improve functioning in this population.
The present study evaluated whether domain-specific arthritis self-efficacy mediated the relationship between pain catastrophizing and patient outcomes (pain and disability). We hypothesized that higher pain catastrophizing would be associated with lower self-efficacy in all domains, and domain specific self-efficacy would mediate the impact of pain catastrophizing on corresponding outcomes (e.g., self-efficacy for physical function would mediate the relationship between pain catastrophizing and physical disability).
Materials and Methods

Participants
Participants in this study were recruited through the Rheumatology, Orthopaedic Surgery, and Pain Management clinics at Duke University Medical Center (DUMC), through flyers posted throughout the community, and from advertisements in local newspapers. Most (85%) participants were recruited through community and local advertisements, and 15% were recruited from DUMC clinics via physician referral. There were no statistically significant (p values >.25) differences between participants recruited from the community versus clinics on demographic, medical, or psychological variables. All study procedures and materials were approved by and in compliance with the Duke University Medical Center institutional review board. All participants in this study provided informed consent and were volunteers for a randomized trial of weight management and coping skills training known as the OA Life Study (#NCT00305890). Data presented in this paper were collected in a subset of participants at the time of their baseline evaluation prior to randomization.
Participants were 192 individuals diagnosed with OA of the knees who reported knee pain persisting for at least 6 months, and were overweight or obese (BMI between 25 and 42). All participants met the American College of Rheumatology criteria for OA, had radiographic evidence of OA affecting one or both knees, and OA of the knee(s) was the medical condition that contributed most to limitations in their daily function. Patients were excluded if they had a significant medical condition that increased their risk of a significant adverse health event during physical activity (e.g., myocardial infarction in the previous six months, an abnormal cardiac response to exercise such as exercise-induced BT or abnormal blood pressure response). Individuals with other arthritic disorders (e.g., rheumatoid arthritis) were also excluded. Participants were an average of 57 (SD=10) years of age, 79% of the sample was female, and education was as follows: 12% high school, 29% some college, 32% college graduate, and 27% professional/graduate school. The sample was 35% African American, 63% White, 1% Hispanic, and 1% Asian/Pacific Islander. Participants had an average of 5 (SD=4) comorbid medical disorders, and average BMI was 34.28 (SD=4.26, range 25 to 42). Thirtyeight percent of participants had evidence of OA affecting one knee, and 62% had OA of both knees. On average, participants with OA of both knees were older than those with OA affecting one knee (Mean age = 59 years vs. 55 years, respectively; t= 2.46, p=.02)
Procedure and Measures
Participants received bilateral knee x-rays, a medical evaluation, and completed a series of questionnaires to assess pain catastrophizing, arthritis-related self-efficacy, pain, physical disability, and psychological disability. Participants also provided demographic and medical information.
Osteoarthritis Diagnosis-The diagnosis of knee OA was based on the American College of Rheumatology clinical criteria for the classification of knee OA. 1 These criteria have shown high sensitivity and specificity (> 90%) for OA diagnosis. 1 Radiographic assessment of both knees was used to confirm OA diagnosis. Study rheumatologists graded individual radiographic features of OA using a photographic standard atlas 2 that included joint space narrowing and osteophytes and determined a score, based on Kellgren-Lawrence criteria. 23 The average Kellgren-Lawrence score was 2.42 (SD=1.17) for the right knee and 2.43 (SD=1.19) for the left knee. Kellgren-Lawrence scores for each knee were summed resulting in a total score (range 1 to 8), with higher scores indicating greater disease severity.
Comorbid Medical Conditions-A list of 43 co-morbid medical conditions from the Older American Resources and Services (OARS) Physical Health Subscale 15,16 was used to assess whether participants had co-morbid medical conditions. A total number of comorbid medical disorders was obtained for each patient.
Pain Catastrophizing-The tendency to use catastrophizing was assessed using the Catastrophizing Scale from the Coping Strategies Questionnaire (CSQ). 37 This scale contains six items (e.g., "It is terrible and I feel it is never going to get any better," "It is awful and I feel it overwhelms me."). Patients rate the frequency that they engage in catastrophizing when experiencing moderate pain using a six-point scale (0 = never and 6 = always). For the current study, this scale had good internal reliability (Cronbach's alpha = .81).
Arthritis-related self-efficacy-The Arthritis Self-Efficacy Scale (ASES) 26 was used to assess patients' perceived abilities to perform behaviors that would control arthritis pain and minimize disability. This measure is comprised of three subscales: pain control, other (emotional) arthritis symptoms, physical function. Patients are asked to indicate their responses on a 10-100 (10 = very uncertain; 100 = very certain) Likert-type scale. Subscale scores are obtained by averaging the responses to each item within a subscale, and subscale scores range from 10 to 100. The ASES has demonstrated reliability and validity in past research. 26, 38 Internal consistency (Cronbach's alpha) in the current sample was .87 to .92.
Pain, physical disability, and psychological disability-The Arthritis Impact Measurement Scales (AIMS) 29 is a widely-used 45-item self-report questionnaire designed to measure health status in arthritis patients. The AIMS provides three component summary scales: Pain, Physical Disability, and Psychological Disability. Summary scales range from 0 to 10 with higher scores indicating greater pain or disability. Reliability and validity of the three scales have been demonstrated across a number of arthritis populations, including osteoarthritis. 19, 30 In this sample, Cronbach's alpha was .76 for Pain, .80 for Physical Disability, and .92 for Psychological Disability.
Results
Descriptive Statistics and Correlational Analyses
Means, standard deviations, and correlations of study variables are displayed in Table 1 . All correlations were in the expected directions and were moderate in magnitude. We computed correlations (Pearson or point-biserial) between study variables and socio-demographic/ medical variables to identify control variables for mediation analyses. Analyses revealed several statistically significant (p<.05) relationships that were low in magnitude. Younger age (r=−.24) and less education (r=−.29) were associated with higher pain. Lower education (r= −.16), being female (r=−.21), and having more comorbid medical disorders (r=−.47) were associated with greater physical disability. Younger age (r=−.24), less education (r=−.16), being female (r=−.21), and having more comorbid medical disorders were correlated with greater psychological disability. Higher scores on the three arthritis self-efficacy subscales were correlated with older age (r= .15 to .22), more education (r= .19 to .26), being male (r= . 16 to .29), and having fewer comorbid medical disorders (r=−.20 to −.23). Pain catastrophizing was associated with younger age (r=−.31), less education (r=−.18), being female (r=−.20), and having more comorbid medical disorders (r=.26). Thus, age, education, gender, and comorbid medical disorders were included in mediation analyses as control variables.
Mediation Analyses
Analyses were conducted to test whether arthritis self-efficacy subscales mediated the relationship between pain catastrophizing and pain or disability. Because three self-efficacy subscales were being tested as mediators, multiple mediator analyses were conducted using a macro 34, 35 for SPSS that simultaneously tests multiple mediators, covariates, all possible pairwise comparisons between indirect effects, and produces bias-corrected confidence intervals for indirect effects. Figure 1 displays the multiple mediator model. A mediator (e.g., self-efficacy) carries the influence of the independent variable (e.g., pain catastrophizing) to the dependent variable (e.g., disability). According to Baron and Kenny, 5 a variable can be considered a mediator if 1) the independent variable is related to the dependent variable (path c in Figure 1) , 2) the independent variable is related to the mediator (paths a 1 , a 2 , and a 3 in Figure 1 ), 3) the mediator is related to the dependent variable after controlling for the independent variable (paths b 1 , b 2 , and b 3 in Figure 1 ), and 4) the relationship between the independent variable and the dependent variable is significantly reduced when the mediator is included (path c′ in Figure 1 ). The statistical significance of each regression coefficient was evaluated using the t-test. The Sobel test 39 was used to test the significance of indirect effects. Because assumptions of the Sobel test are often violated, 7 we also examined the significance of indirect effects using a bootstrap approach (with 1000 resamples) to obtain bias-corrected 95% confidence intervals for the indirect effects. 34, 35 This nonparametric approach reduces the likelihood of power problems caused by nonnormality of the indirect effect. 34 Separate analyses were conducted for pain, physical disability, and psychological disability. Each analysis included gender, age, education, BMI, comorbid medical disorders, and OA severity (Kellgren-Lawrence total score) as control variables. Pain was included as a control variable in the analyses for disability. 42, p<.05) . Greater self-efficacy for pain control was associated with lower pain (β=−.20, p<.05), but self-efficacy for physical function and other symptoms were not related to pain (p values >.10). Consistent with full mediation, the total effect (path c) of pain catastrophizing on pain was significant, but the direct effect (path c') was substantially reduced and not significant (direct effect β=.13, p=.09 vs. total effect β=.29, p<.001). Evaluation of the indirect effect showed that self-efficacy for pain control mediated the relationship between pain catastrophizing and pain (=.08, 95% CI = .004 to.17, Sobel test Z=1.97, p<.05). These results indicate that higher pain catastrophizing contributes to greater pain via lower self-efficacy for pain control.
Pain
Physical disability
The mediator model accounted for a significant amount of the variance in physical disability [total R 2 = 48%, F(11, 180)=14.91, p<.05]. Again, higher pain catastrophizing was associated with lower self-efficacy for pain control, physical function, and other symptoms (see Table 2 ; p values < .05). Consistent with our previous findings, 33 the contribution of self-efficacy was domain specific with only self-efficacy for physical function showing a negative association with physical disability (β=−.36, p<.05). The relationship between pain catastrophizing and physical disability was fully mediated by self-efficacy for physical function, as the total effect (path c) of pain catastrophizing on physical disability was significant, but the direct effect (path c') was substantially reduced and not significant (direct effect β=.13, p=.06 vs. total effect β=. 17, p=.02). Evaluation of the indirect effect confirmed that self-efficacy for physical function mediated the relationship between pain catastrophizing and physical disability (β=.06, 95% CI = .001 to.14, Sobel test Z=1.95, p=.05). These results suggest that higher pain catastrophizing leads to greater physical disability through lowered self-efficacy for physical function.
Psychological disability
The mediator model accounted for a significant amount of the variance in psychological disability [total R 2 = 45%, F(11, 180)=13.32, p<.05]. Table 2 displays the results of the multiple mediator analysis. Again, higher pain catastrophizing was associated with lower self-efficacy in all domains (p values <.05). Greater self-efficacy for other symptoms was associated with less psychological disability (β=−.35, p<.05), but self-efficacy for pain control and physical function were not associated with psychological disability (p values >.28). Consistent with partial mediation, the direct effect (path c') of pain catastrophizing on psychological disability was lower than the total effect (path c), but remained significant (direct effect β=.30, p<.001 vs. total effect =.41, p<.001). Examination of the indirect effect confirmed that self-efficacy for other symptoms partially mediated the relationship between pain catastrophizing and psychological disability ((β=.12, 95% CI = .05 to.22, Sobel test Z=2.92, p<.05). These results suggest that pain catastrophizing leads to greater psychological disability directly and through lower self-efficacy for managing emotional symptoms.
Discussion
The current study builds on our previous findings in a sample of patients with OA of the knees. 33 Using data from this sample, we found that domain-specific self-efficacy mediated the relationship between pain catastrophizing and adjustment. Studies in patients with chronic pain consistently identify self-efficacy and pain catastrophizing as important predictors of adjustment. 10, 11, 20, 21, 22, 36, 41, 42 Our analyses found that both variables are important for understanding the processes that lead to increased disability. These findings suggest that the impact of pain catastrophizing occurs through patients' self-efficacy in specific domains. For example, pain catastrophizing leads to greater physical disability through lowered self-efficacy for physical function and leads to greater psychological disability through lowered self-efficacy for managing psychological symptoms.
These findings suggest that both pain catastrophizing and domain specific self-efficacy warrant attention in future treatment efforts. Pain catastrophizing may be best addressed through cognitive therapy techniques, such as cognitive restructuring, that aim to reduce distorted, irrational, or overly negative thinking. 6 Systematic training in recognizing, evaluating, and modifying overly negative cognitions may be particularly helpful for reducing pain catastrophizing. Thorn and colleagues 44 recently tested the efficacy of a cognitive-behavioral treatment targeting pain catastrophizing in patients with chronic headaches. This cognitive restructuring intervention reduced catastrophizing and anxiety and increased self-efficacy. This intervention protocol could be adapted for patients with OA, and additional strategies could be incorporated to further enhance domain specific self-efficacy. A number of strategies can be used to enhance self-efficacy including development and practice of relevant skills, observation of others, and personal accomplishments. 3,4 Interventions that involve successful accomplishment of particular tasks could be particularly powerful for increasing self-efficacy because it provides personal experiences of mastery. 3 Vlaeyan and colleagues 48,49 have developed in vivo graded exposure techniques that enable patients with pain to experience and habituate to activities they might normally avoid. Graded exposure might be a useful method for enhancing self-efficacy because it requires patients to engage in and accomplish a feared or painful activity. 52
Our findings also have implications for the temporal sequence of treatment for overweight and obese OA patients. Healthcare providers may recommend weight loss as an initial strategy for reducing OA pain and disability. Adhering to recommendations for weight loss may pose a significant challenge for patients who catastrophize and/or have low self-efficacy. These individuals may be less likely to adhere to exercise recommendations because they lack confidence in their ability to engage in physical activity and they fear that such activity will exacerbate their pain (a characteristic of catastrophizing). 45 Further, adhering to dietary recommendations for weight loss may be more difficult for patients who catastrophize. Our data suggest that higher catastrophizing is associated with lower self-efficacy in all domains, and lower self-efficacy for resisting eating is related to poor eating habits. 33 In addition, catastrophizing is associated with greater psychological disability. Past research has shown that patients with higher levels of psychological disability, such as depression, have poorer adherence to healthy dietary recommendations. 8 To increase the chance of success when weight loss efforts are initiated, treatment efforts could include strategies for reducing pain catastrophizing and increasing self-efficacy either prior to targeting weight loss or as part of the weight loss program.
This study had several limitations. First, this study used a correlational design, which prevents us from making causal attributions about the relationships between pain catastrophizing, selfefficacy, and disability. Self-efficacy only partially mediated the relationship between pain catastrophizing and psychological disability; the correlational study design makes it impossible to determine if catastrophizing influenced psychological disability through self-efficacy or vice versa. Future research is needed to more closely evaluate cause-effect relationships between pain catastrophizing, domain specific self-efficacy, and disability. For example, studies could be conducted to examine whether interventions that alter pain catastrophizing lead to significant changes in self-efficacy. Second, the number of statistical tests conducted may have inflated Type I error. While multiple mediator analyses were conducted, the family wise error resulting from correlational analyses and separate models for each outcome should be considered when interpreting the results. Third, our findings may be less generalizable because data were obtained from patients who agreed to participate in a treatment study that targets pain reduction and weight control. Individuals who voluntarily seek participation in clinical trials may differ from patients in the general population. Finally, additional studies are needed to determine if these findings generalize to patients with chronic pain conditions other than OA of the knees.
In summary, this study found that pain catastrophizing led to greater pain and disability through lowered domain specific self-efficacy. It is important to note that these findings were obtained after controlling for demographic (e.g., age, sex, education) and medical status variables (e.g., disease severity, comorbid medical disorders, BMI) traditionally considered important for understanding pain and disability in this population. 18, 24 Additional studies are needed to examine how self-efficacy beliefs and pain cognitions, such as pain catastrophizing, contribute to adjustment. The fear-avoidance model 49 may be relevant for understanding the processes that lead to increased disability in overweight or obese patients with OA of the knees. This model suggests that catastrophizing about pain initiates a vicious cycle that leads to painrelated fear, avoidance of activities, and ultimately greater disability and pain. A recent study 52 of the fear-avoidance model found that pain-related fear impacted patient outcomes through lowered self-efficacy, suggesting that the fear-avoidance model could be improved by including self-efficacy beliefs. Future studies could test a fear-avoidance model that includes self-efficacy as a framework for understanding and intervening in the processes that contribute to increased pain and disability in overweight and obese patients with OA of the knees. Multiple mediator model testing whether self-efficacy mediates the relationship between catastrophizing and pain or disability. Note: Analyses included gender, age, education, BMI, comorbid medical disorders, and OA severity (Kellgren-Lawrence total score) as control variables. Analyses for disability included pain as a control variable. To simplify presentation, control variables are not displayed. Table 1 Correlations between catastrophizing, self-efficacy, and disability (N=192). Table 2 Standardized regression coefficients and tests of indirect effects for multiple mediator analyses (N=192). 
